We have kinematically complete measured photo double ionization of Helium at E γ =800 eV and observed recoiling ions with nearly 0 momentum that agree well with theoretical predictions of a new photo double ionization mechanism. Double ionization of Helium by a single photon is widely believed to proceed through two mechanisms [1]: knock-off (TS1) or shake-off, with the last one dominating at high photon energies. Already 35 years ago Amusia and coworkers [2] have predicted a third, high energy, mechanism they termed "Quasi Free Mechanism". It has escaped experimental observation till today. Here we provide the first proof of this mechanism. They predicted that this dipole forbidden mechanism becomes important at high photon energies. Here the photon is predicted to couple to the electron pair directly, leading to (dipole forbidden) back to back emission of the electrons with equal energy. The mechanism results from the electron-electron-cusp region of the ground state wave function, i.e. the region where both electrons are very close.
Synopsis:
We have kinematically complete measured photo double ionization of Helium at E γ =800 eV and observed recoiling ions with nearly 0 momentum that agree well with theoretical predictions of a new photo double ionization mechanism. Double ionization of Helium by a single photon is widely believed to proceed through two mechanisms [1] : knock-off (TS1) or shake-off, with the last one dominating at high photon energies. Already 35 years ago Amusia and coworkers [2] have predicted a third, high energy, mechanism they termed "Quasi Free Mechanism". It has escaped experimental observation till today. Here we provide the first proof of this mechanism. They predicted that this dipole forbidden mechanism becomes important at high photon energies. Here the photon is predicted to couple to the electron pair directly, leading to (dipole forbidden) back to back emission of the electrons with equal energy. The mechanism results from the electron-electron-cusp region of the ground state wave function, i.e. the region where both electrons are very close.
Therefore we intersected linearly polarized photons with energies of 800 eV (6 % quadrupole contribution) from the Advanced Light Source with a supersonic gas jet of Helium. We applied the COLTRIMS technique [4] with a specially designed time and space focussing spectrometer. Electrons with energies up to 420 eV (more than 50 % of the excess energy) have been collected with nearly 4π solid angle and Helium ions with momenta up to 15 au.
In figure 1 the momentum distribution of the recoiling He 2+ ions (perpendicular to the polarization direction) is shown with a condition on the momentum along the polarization direction. 
